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Allopurinol is a xanthine oxidase inhibitor mainly used
to reduce circulating urate (also known as uric acid)
levels. This helps to prevent recurrent urate crystal
deposition in the form of gout.1 Gout is relatively
common in patients with renal failure. Although rou-
tine dose reduction of allopurinol is recommended in
the hemodialysis (HD) population this is not based
on evidence from robust clinical trials.2 Guidelines
generally recommend aiming to reduce urate levels by
50% to protect against future gout episodes.3 This study
aimed to determine the optimal dose of allopurinol to
achieve this in the HD population.
Determining an optimal dose of allopurinol to use
in the HD population will first help to guide clinicians
in their treatment of their HD patients who develop
gout. Second, patients with end-stage renal disease are
at greatly increased risk of cardiovascular disease and
death.4 Urate levels are known to be higher in the
chronic kidney disease (CKD) population than in the
general population.5 We know from large observational
studies that increased urate levels are strongly associ-
ated with an increased cardiovascular risk, in both the
general and CKD populations.6–9
In addition to its urate-lowering abilities, allop-
urinol itself has some specific properties that make
it a potentially attractive drug to use in the HD
population. Allopurinol has been shown to improve
endothelial function in several population groups—
including CKD patients—who are prone to endothe-
lial dysfunction.10–12 In a large observational study
the use of allopurinol was associated with reduced
cardiovascular and all-cause mortality in patients un-
dergoing HD who had no history of cardiovascular
disease.13 In addition to this, allopurinol has also been
demonstrated to regress left ventricular hypertrophy
(LVH) in CKD, diabetic patients and in those with
ischemic heart disease.10,11,14 Given that reduction in
left ventricular mass is a common therapeutic target in
the HD population,15–18 it is a natural question whether
allopurinol might also regress LVH in this population.
Until now this had not been investigated in a robust
prospective clinical trial.
We therefore designed a clinical trial to investigate
this, the ALTERED (Does ALlopurinol regress lefT
ventricular hypertrophy in End stage REnal Disease)
study. This study looked to address this question
through a multicenter randomized, placebo-controlled,
double-blind trial of allopurinol. The primary outcome
of the ALTERED study is change in left ventricular
mass measured by cardiac magnetic resonance imaging
at follow-up from baseline after 1 year of therapy.
For the reasons described above, defining the optimal
dose of allopurinol to use in this study was a priority.
The first stage of the ALTERED study was therefore
an open-label dose-escalation study to determine the
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optimum dose of allopurinol to use in the prospective
blinded study. The results of this dose-finding study are
presented in this article.
Methods
This study was approved by the Medicines and Health-
care Products Regulatory Agency (United Kingdom;
EudraCT number 2013-001436-22) and by the East
of Scotland Ethics Committee (13/ES/0051). All par-
ticipants gave full written and informed consent. The
study was registered online with clinicaltrials.gov (trial
number: NCT01951404). Protocol version 1.1, dated
April 11, 2013, was in use during this dose-finding study
(see Supplementary Information for full protocol).
The primary outcome of this dose-finding study was
to determine which dose of active allopurinol reduced
serum urate by 41% in theHDpopulation. A secondary
outcome of this study, in addition to the main study,
was to help to determine the safety and tolerability of
allopurinol in this population group.
Patients were eligible for this open-label dose-finding
study if they were aged 18 to 80 years, had end-stage
renal disease (CKD stage 5), and had been on HD for
at least 3 months.
Patients for the dose-finding study were recruited as
representative of those to be studied in the larger HD
clinical trial. Exclusion criteria were: known heart fail-
ure or left ventricular ejection fraction < 45%; already
had gout or taking allopurinol; severe hepatic disease;
on azathioprine, 6-mercaptopurine, theophylline, or
warfarin; malignancy or other life-threatening diseases;
pregnant or lactating women; any contraindication to
magnetic resonance imaging; with a planned (relative)
kidney transplant; younger than 18 years or older
than 80 years; above-ankle amputees; patients who
had participated in any other clinical trial within the
previous 30 days; patients who were unable to give
informed consent; and any other reason considered by
a study physician to make someone inappropriate for
study inclusion.
The study protocol specified that 10 patients would
have a screening visit at which serum urate would be
checked. Blood was sampled from the venous port of
the HD circuit prior to commencement of the HD
session. Thereafter, patients would receive open-label
100 mg of allopurinol after each dialysis session for
3 sessions. Serum urate was then checked at the com-
mencement of the fourth dialysis session. Thereafter,
the allopurinol dose was increased to 200 mg and the
same procedure repeated. The next step was 250mg and
then 300 and 350 mg (maximum dose). In keeping with
published recommendations to ensure safe prescribing
of allopurinol in end-stage renal disease,19 the dose
escalation was planned to stop in each patient, when
Table 1. Baseline Patient Characteristics
Patient Parametera Value
Male (%) 90
Age (years) 53 ± 9.4
White (%) 100
Body mass index (kg/m2) 25.0 (IQR 21.8–26.9)
Diabetes (%) 30
Hypertension (%) 80
Ischemic heart disease (%) 10
Dialysis mode: post-HDF (%) 80
Hemodialysis (%) 20
Urea reduction ratio (%) 72 ± 7.0
Ultrafiltration volume (L) 1.5 ± 1.2
Predialysis systolic BP (mm Hg) 152 ± 22.0
Predialysis diastolic BP (mm Hg) 69.8 ± 17.9
For baseline patient characteristics,mean ± standard deviation are presented
for normally distributed data and median (interquartile range) is presented for
nonnormally distributed data or percentage of whole cohort where relevant.
BP, blood pressure; HDF, hemodiafiltration; IQR, interquartile range.
aParameters given are values at baseline visit.
serum urate had fallen by 50% from the screening visit
urate in that patient.
Safety blood tests, vital signs, adverse events, and
medication records were reviewed at each study visit.
Using the collected pilot data, we planned to calculate
which of the above doses of allopurinol (given at the
end of each dialysis session) produced on average a 41%
fall in serum urate. We planned to use this dose for the
prospective blinded trial.
All patients received their usual dialysis care
throughout their participation in the study. Dialysis
modalities are shown in Table 1.
Statistical Methods
All data were analyzed using SPSS version 22. Con-
tinuous data are presented as mean ± standard devi-
ation if parametric or median (interquartile range) if
nonnormally distributed; categorical data are presented
as a percentage. After testing for normal distribu-
tion, a repeated-measures analysis of variance with
a Greenhouse-Geisser correction was used to deter-
mine any statistically significant difference in urate
at each dose of allopurinol. A Bonferroni correction
was used to adjust for within-subject baseline urate
in our analysis. Correlations between continuous in-
dices were assessed using Pearson and Spearman cor-
relation coefficients for parametric and nonparametric
data, respectively. P < .05 was considered statistically
significant.
Results
Eleven patients, all of whom were receiving regular
HD at Ninewells Hospital, Dundee, Scotland, UK,
consented to participate in the study. All patients
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Table 2. Mean Serum Urate Values at Each Dose of Allopurinol
Visit Mean Urate ± Standard Deviation (mg/dL) Pa
Baseline 6.3 ± 1.1 N/A
After 100 mg 5.9 ± 0.9 1.0
After 200 mg 5.6 ± 0.7 1.0
After 250 mg 5.5 ± 1.1 1.0
After 300 mg 4.9 ± 1.0 0.04
After 350 mg 5.2 ± 1.0 0.5
aAdjusted for baseline urate using a Bonferroni correction.
Figure 1. Plot of individual urates at each dose of allopurinol.
commenced the study during October 2013. On screen-
ing, 1 participant was ineligible; therefore, 10 par-
ticipants, 9 men and 1 woman, proceeded into the
open-label study. Full participant demographics and
baseline parameters of the included participants are
shown in Table 1.
The mean urate on study commencement was 6.3 ±
1.1 mg/dL (normal laboratory reference range: males,
3.4–7.2 mg/dL; females, 2.4–6.1 mg/dL). Baseline urate
was negatively correlated with age (r= -0.766; P= .01).
There was no correlation of baseline urate with blood
pressure, ultrafiltration volume, urea reduction ratio, or
body mass index.
No patient reached a urate reduction of 50% on any
dose of allopurinol. The greatest individual percentage
reduction in urate by any patient was 45.4%, in a
single patient while taking allopurinol 350 mg. This
was achieved in the patient with the highest starting
urate (baseline urate, 8.3 mg/dL), the only patient with
a baseline urate outside the normal range.
Overall, only allopurinol 300 mg achieved a statis-
tically significant reduction in predialysis serum urate
from baseline (mean urate at baseline, 6.3 ± 1.1 mg/dL;
visit 6 [allopurinol 300 mg], 4.9 ± 1.0 mg/dL; P =
.04; Table 2). Figure 1 shows a plot of urates for each
patient at each dose of allopurinol. The greatest mean
reduction in urate was achieved with the 300-mg dose
of allopurinol (see Figure 2).
Figure 2. Box plot of reduction in urate from baseline with each dose of
allopurinol, with 95% confidence intervals. A significant mean reduction
in urate was seen with the 300-mg dose of allopurinol. *P < .05.
There were 22 adverse events during the course of
the study. All were minor in nature and typical of
normal events seen in dialysis patients. Two episodes
of nausea and a single episode of loose stool were the
only events that could possibly have been attributed
to allopurinol—these 3 episodes were all self-limiting.
There were no reported skin rashes. There were no
statistically significant changes in white cell count,
hemoglobin, liver function tests, phosphate, or potas-
sium from the baseline visit to the end of the study
(Table 3). The cumulative dose of allopurinol and
number of doses of allopurinol that each patient had
been exposed to at each visit are also shown in Table 3.
Discussion
Study Rationale
Since its discovery more than 50 years ago, allopuri-
nol has been the mainstay therapy for prevention of
recurrent gout.1 It is also indicated for the prophylaxis
of hyperuricemia associated with malignancy or with
the treatment of malignancy.20 Allopurinol is further
utilized in the management of renal stone disease (both
calcium oxalate stones and uric acid stones).20
More recently there has been emerging interest in the
potential utility of allopurinol to reduce cardiovascular
disease risk.21 We have known for some time that there
appears to be a link between urate level, heart disease,
and mortality.8 We also know that higher urate levels
are often found in disease states such as chronic kidney
disease and diabetes, which are themselves associated
with an increased cardiovascular risk.22 However, re-
duction in urate alone is not enough to reduce car-
diovascular risk in at-risk populations.23 In addition,
the association between urate level and mortality is
slightly more complex in the HD population than in
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Table 3. Summary of Exposure to Allopurinol and Safety Blood Tests at Each Study Visit
Variable
Laboratory
Reference
Range Baseline Visit 3 Visit 4 Visit 5 Visit 6 Visit 7
Expected cumulative
allopurinol exposure
per patient (mg)
Not applicable 0 300 900 1650 2550 3600
Expected number of
doses of allopurinol
per patient
Not applicable 0 3 6 9 12 15
White cell count
(cells/mm3)
4000–11 000 7630 ± 2894 7350 ± 2690 7750 ± 2577 7840 ± 2768 8250(IQR 7050–8900) 7820 ± 3111
Hemoglobin (g/dL) 13–18 12.0 ± 1.2 11.2 ± 0.9 11.4 ± 1.0 11.1 ± 0.9 11.1 ± 0.6 10.9 ± 0.5
Albumin (g/dL) 3.5–5.0 3.3 ± 0.4 3.4 ± 0.4 3.4 ± 0.4 3.3 ± 0.4 3.3 ± 0.5 3.3 ± 0.5
Bilirubin (mg/dL) 0–1.2 0.3 (IQR 0.2–0.4) 0.3 (IQR 0.2–0.4) 0.2 (IQR 0.2–0.3) 0.3 ± 0.2 0.3 ± 0.1 0.3 ± 0.2
Alkaline phosphatase
(U/L)
30–130 117 ± 64 107 ± 50 102 ± 42 99 ± 39 104 ± 45 86 (IQR 74–93)
Alanine
aminotransferase
(U/mL)
5–55 18.2 ± 5.7 17.8 ± 6.1 16.9 ± 5.2 17.8 ± 6.1 18.1 ± 6.1 17.9 ± 7.7
Phosphate (mg/dL) 2.5–4.6 5.6 ± 0.6 5.9 ± 1.2 5.6 ± 0.9 5.6 ± 0.9 5.6 ± 1.2 5.6 ± 0.9
Potassium (mmol/L) 3.5–5.3 5.3 ± 0.6 5.2 ± 0.5 5.2 ± 0.7 5.2 ± 0.5 5.4 ± 0.6 5.3 ± 0.5
Data is presented as mean ± standard deviation or median (IQR 1–3). IQR, interquartile range.
other populations. The majority of studies suggest a
J-shaped mortality relationship with urate exists, with
both low and high levels of urate associated with an
increased mortality risk.24–27 This is likely to reflect
that the lowest urate levels are found in frailer and less
well-nourished HD patients. This J-shaped relationship
does not detract from the fact that for most HD
patients, reducing urate levels is a potential therapeu-
tic target to try to reduce an elevated cardiovascular
risk.
Allopurinol has been shown to regress left ventric-
ular mass in ischemic heart disease, in type 2 diabetes,
and in early chronic kidney disease.10,11,14 The reasons
allopurinolmight regress left ventricularmass are sever-
alfold. First, allopurinol profoundly reduces oxidative
stress. Oxidative stress is a well-known important driver
of left ventricular hypertrophy.28 Allopurinol has also
been shown to significantly improve arterial endothelial
function11,29 and can lead to improved arterial com-
pliance and reduced ventricular afterload.14,30 Reduced
ventricular afterload because of better arterial com-
pliance can regress left ventricular hypertrophy.11,14 As
left ventricular hypertrophy is associated with increased
mortality,31 regression of left ventricular mass by al-
lopurinol may be associated with the same increased
survival as seen in other clinical trials in which regres-
sion of left ventricular mass has been achieved.32 How-
ever, a large clinical trial of allopurinol versus placebo
focusing on major adverse cardiovascular events in a
vulnerable group would be required to show the ability
of allopurinol to achieve this.
In the general population, a treat-to-target approach
can be used to determine urate dosing with doses of up
to 900 mg per day being licensed to achieve a significant
reduction in urate levels.3 For patients with end-stage
renal disease requiring HD, there are no data to guide
management. The maximum recommended dose in the
United Kingdom is 300 mg after HD (ie, every second
day).2 However, until now, little was known about the
overall effect such a dose had on circulating urate levels.
Our dose-finding study has shown that allopurinol at
doses up to 350 mg does not achieve large reductions in
urate. This is likely to be due to dialysis-related factors.
First, urate is a small compound and is therefore,
like urea, largely removed by dialysis at each HD
session. This means that after each dialysis session,
patients will start with a low circulating serum urate.
In the interdialytic gap, urate will reaccumulate, as
it will not be excreted as normal via the renal tract.
This intermittent removal of urate is likely to explain
why this group of patients largely had a predialysis
urate within the normal range, whereas patients in a
chronic kidney disease allopurinol study (who were not
receiving dialysis) had slightly more elevated baseline
urates.11 The urate levels seen in that previous chronic
kidney disease study are in keeping with patients with
chronic kidney disease (CKD) being commonly found
to have higher levels of circulating urate.5
Another dialysis-specific factor in this study is that
allopurinol itself is also removed by dialysis. This
means that if a single allopurinol tablet was missed at
the preceding dialysis session to the study visit dialysis
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session, then there would be effectively no allopurinol
in the patient’s system. Although compliance was very
good in this study, on 2 confirmed occasions when an
allopurinol tablet was missed, urate was not reduced at
the next session.
Why Aim for a Fixed Urate Reduction?
We chose a target reduction in urate of 41%, as we
considered this a reasonable and safe target for urate
lowering for both clinical and research purposes. In
previous work, in the CKD population, a urate reduc-
tion of 41% was associated with a significant regres-
sion in left ventricular mass.11 The regression in left
ventricular mass was independent of urate reduction,
which supportes the theory that the novel actions of
allopurinol other than urate lowering are important.
This means it is possible to have some confidence that
the potential benefits of allopurinol might still be seen
in the dialysis population, even though their urate levels
were not dramatically reduced.
It is worth noting that allopurinol is generally used
with caution in the CKD population because of con-
cerns over an increased incidence of skin reactions
including the very rare but serious allopurinol hyper-
sensitivity syndrome.33 Accordingly, dose reduction is
recommended and normal in the renal population.2 In
keepingwith published recommendations to ensure safe
prescribing of allopurinol in end-stage renal disease,19
the dose escalation was therefore planned to stop in
each patient when serum urate had fallen by 50% from
the screening visit urate in that patient. In this study, we
saw no serious adverse events, and the only 3 adverse
events that could have possibly been related to allop-
urinol were separate self-limiting episodes of nausea
and diarrhea. Reassuringly there were also no adverse
changes in safety blood tests that could be attributed to
allopurinol. Therefore, although it was very small, this
study lends some support for allopurinol at doses up to
300 and 350 mg being well tolerated in this population.
This study has several limitations. First, this was a
very small single-center study with a relatively short du-
ration of investigation. The population was not racially
diverse and was 90% male. Given the small numbers
in this study, urate levels could have also been affected
by other factors outside the control of the study team
(for example, a shortened dialysis session because of
vascular access issues). Nevertheless, similarly sized
studies have been used by the Food and Drug Admin-
istration for the licensing of other drugs in end-stage
renal disease, including rivaroxiban and dabigatran.34,35
The urate reduction by allopurinol demonstrated in this
study was less than originally anticipated. However, de-
spite this, the investigators believe that this dose-finding
studywas sufficient to allow an informed decision about
which dose of allopurinol to safely use for the main
ALTERED trial. The results of the main trial may
provide further clinically relevant information that will
assist nephrologists when prescribing allopurinol for
clinical purposes.
Conclusion
We sought to determine which dose of allopurinol,
up to 350 mg, would significantly reduce urate in a
group of 10 dialysis patients. No dose of allopurinol
reduced urate by 50%, and this is likely to be be-
cause of dialysis-related factors. However, in this small
study, all doses of allopurinol were well tolerated, and
300 mg was associated with the most significant drop in
urate levels. The dose of 300 mg was chosen as the dose
of allopurinol to be used in the double-blind, placebo-
controlled ALTERED study, which seeks to answer
the question, does allopurinol regress left ventricular
mass in end-stage renal disease? This study suggests that
300 mg may be a reasonable dose of allopurinol to use
in dialysis patients if a significant reduction in urate is
sought for clinical purposes. Lower doses of allopurinol
are unlikely to have a significant effect on urate levels.
The larger double-blind study of allopurinol 300 mg
against placebo will add further useful information
about the safety and tolerability of such a dose in
dialysis populations.
Acknowledgments
The authors acknowledge the assistance of Petra Rauchhaus,
clinical trials statistician from the University of Dundee, who
provided statistical advice.
Declaration of Conflicting Interests
ElaineRutherford, GrahamStewart, J. GraemeHouston, and
Alan G. Jardine have nothing to declare. Patrick B. Mark
has received lecture fees from Eli-Lilly, Pharmacosmos and
consulting fees fromAstellas andNovartis. AllanD. Struthers
and the University of Dundee have a patent for the use of
xanthine oxidase inhibitors as treatment for angina pectoris.
Funding
This study was funded by a British Heart Foundation Project
Grant (PG/12/72/29743).
References
1. Pacher P, Nivorozhkin A, Szabo´ C. Therapeutic effects of
xanthine oxidase inhibitors: renaissance half a century after the
discovery of allopurinol. Pharmacol Rev. 2006;58:87–114.
2. Ashley C, Currie A. Radcliffe Publishing Oxford. The Renal
Drug Handbook. New York, UK: Renal Pharmacy Group; 2009.
3. Seth R, Kydd AS, Buchbinder R, Bombardier C, Edwards
CJ. Allopurinol for chronic gout. Cochrane Database Syst Rev.
2014;10:CD006077.
6 The Journal of Clinical Pharmacology / Vol 00 No 0 2017
4. Foley RN, Parfrey PS, Sarnak MJ. Clinical epidemiology of
cardiovascular disease in chronic renal disease. Am J Kidney Dis.
1998;32:S112–S119.
5. Johnson RJ, Nakagawa T, Jalal D, Sa´nchez-Lozada LG, Kang
DH, Ritz E. Uric acid and chronic kidney disease: which is
chasing which? Nephrol Dial Transplant. 2013;28:2221–2228.
6. Kanbay M, Yilmaz MI, Sonmez A, et al. Serum uric acid inde-
pendently predicts cardiovascular events in advanced nephropa-
thy. Am J Nephrol. 2012;36:324–331.
7. Navaneethan SD, Beddhu S. Associations of serum uric acid
with cardiovascular events and mortality in moderate chronic
kidney disease. Nephrol Dial Transplant. 2008;24:1260–1266.
8. Fang J, AldermanMH. Serum uric acid and cardiovascular mor-
tality the NHANES I epidemiologic follow-up study, 1971-1992.
National Health and Nutrition Examination Survey. JAMA.
2000;283:2404–2410.
9. Dawson J, Jeemon P, Hetherington L, et al. Serum uric acid
level, longitudinal blood pressure, renal function, and long-term
mortality in treated hypertensive patients.Hypertension. 62:105–
111.
10. Rekhraj S, Gandy SJ, Szwejkowski BR, et al. High-dose allopuri-
nol reduces left ventricular mass in patients with ischemic heart
disease. J Am Coll Cardiol. 2013;61:926–932.
11. Kao MP, Ang DS, Gandy SJ, et al. Allopurinol benefits left
ventricular mass and endothelial dysfunction in chronic kidney
disease. J Am Soc Nephrol. 2011;22:1382–1389.
12. Guthikonda S, Sinkey C, Barenz T, Haynes WG. Xanthine.
Oxidase inhibition reverses endothelial dysfunction in heavy
smokers. Circulation. 2003;107:416–421.
13. Tsuruta Y, Nilla K, Akizawa T, et al. Association between al-
lopurinol and mortality among Japanese hemodialysis patients:
results from the DOPPS. Int Urol Nephrol. 2014;46:1833–1841.
14. Szwejkowski BR,Gandy SJ,Rekhraj S, et al. Allopurinol reduces
left ventricular mass in patients with type 2 diabetes and left
ventricular hypertrophy. J Am Coll Cardiol. 2013;62:2284–2293.
15. Roger SD, McMahon LP, Clarkson A, et al. Effects of early
and late intervention with epoetin alpha on left ventricular mass
among patients with chronic kidney disease (stage 3 or 4): results
of a randomized clinical trial. J Am Soc Nephrol. 2004;15:148–
156.
16. Rocco MV, Lockridge RS Jr, Beck GJ, et al. The effects of fre-
quent nocturnal home hemodialysis: the Frequent Hemodialysis
Network Nocturnal Trial. Kidney Int. 2011;80:1080–1091.
17. Odudu A, Eldehni MT, McCann GP, McIntyre CW. Ran-
domized controlled trial of individualized dialysate cooling for
cardiac protection in hemodialysis patients. Clin J Am Soc
Nephrol. 2015;10:1408–1417.
18. Thadhani R, AppelbaumE, Pritchett Y, et al. VitaminD therapy
and cardiac structure and function in patients with chronic
kidney disease: the PRIMO randomized controlled trial. JAMA.
2012;307:674–684.
19. Dalbeth N, Stamp L. Allopurinol dosing in renal impairment:
walking the tightrope between adequate urate lowering and
adverse events. Semin Dial. 2007;20:391–395.
20. Allopurinol 100mg Tablets - Summary of Product Characteris-
tics (SPC) - (eMC). https://www.medicines.org.uk/emc/medicine/
25729.
21. George J, Struthers AD. The role of urate and xanthine
oxidase inhibitors in cardiovascular disease. Cardiovasc Ther.
2008;26:59–64.
22. Zoccali C, Maio R,Mallamaci F, Sesti G, Perticone F. Uric acid
and endothelial dysfunction in essential hypertension. J Am Soc
Nephrol. 2006;17:1466–1471.
23. Søltoft Larsen K, Pottega˚rd A, Lindegaard HM, Hallas J.
Impact of urate level on cardiovascular risk in allopuri-
nol treated patients. A nested case-control study. PLoS One.
2016;11:e0146172.
24. Latif W, Karaboyas A, Tong L, et al. Uric acid levels and all-
cause and cardiovascular mortality in the hemodialysis popula-
tion. Clin J Am Soc Nephrol. 2011;6:2470–2477.
25. Suliman ME, Johnson RJ Garcı´a-Lo´pez E, et al. J-shaped
mortality relationship for uric acid in CKD. Am J Kidney Dis.
2006;48:761–771.
26. Hsu S-P, Pai ME, Peng YS, Chiang CK, Ho TI, Hung KY.
Serum uric acid levels show a ‘J-shaped’ association with all-
cause mortality in haemodialysis patients. Nephrol Dial Trans-
plant. 2004;19:457–462.
27. Lee SM, Lee AL, Winters TJ, et al. Low serum uric acid level
is a risk factor for death in incident hemodialysis patients. Am J
Nephrol. 2009;29:79–85.
28. Takimoto E, Kass DA. Role of oxidative stress in cardiac
hypertrophy and remodeling. Hypertension. 2007;49:241–248.
29. BayramD, Tug˘nul SezerM,_Inal S, AltunasA,Kıdır V, OrahnH.
The effects of allopurinol on metabolic acidosis and endothelial
functions in chronic kidney disease patients. Clin Exp Nephrol.
2015;19:443–449.
30. Rajendra NS, Ireland S, George J, Belch JJ, Lang CC, Struthers
AD. Mechanistic insights into the therapeutic use of high-dose
allopurinol in angina pectoris. J Am Coll Cardiol. 2011;58:820–
828.
31. FoleyRN, Parfrey PS,Harnett JD,KentGM,MurrayDC,Barre´
PE. The prognostic importance of left ventricular geometry in
uremic cardiomyopathy. J Am Soc Nephrol. 1995;5:2024–2031.
32. Mathew J, Sleight P, Long E, et al. Reduction of cardiovascular
risk by regression of electrocardiographicmarkers of left ventric-
ular hypertrophy by the angiotensin-converting enzyme inhibitor
ramipril. Circulation. 2013;104:(2001).
33. Thurston MM, Phillips BB, Bourg CA. Safety and efficacy
of allopurinol in chronic kidney disease. Ann Pharmacother.
47:1507–1516.
34. Dias C, Moore KT, Murphy J, et al. Pharmacokinetics, phar-
macodynamics, and safety of single-dose rivaroxaban in chronic
hemodialysis. Am J Nephrol. 2016;43:229–236.
35. Wilson JA, Goralski JB, Soroka SD, et al. An evaluation of oral
dabigatran etexilate pharmacokinetics and pharmacodynamics
in hemodialysis. J Clin Pharmacol. 2014;54:901–909.
Supporting Information
Additional Supporting Information may be found in
the online version of this article at the publisher’s web-
site.
